Abstract: This study investigated the relative Granger causal effects of oil price on exchange rate, trade balance, and foreign reserve in Nigeria. We used seasonally adjusted quarterly data from 1986Q4 to 2018Q1 to remove predictable changes in the series. Given the non-stationarity of our variables, we found cointegration to exist only between oil price and foreign reserve. The presence of cointegration implied the existence of long run relationship between the variables. The Granger causality result showed that oil price strongly Granger caused foreign reserve in the short period. However, no Granger causal relationships were found between oil price and trade balance and for oil price and exchange rate. The implication of the result is that Nigerian government should not rely solely on oil price to sustain her reserve but to diversify the economy towards non-resource production and export for foreign exchange generation.
Introduction
Crude oil has been the largest component of the volume of export in Nigeria ever since in the 1970s when the non-renewable commodity was found in commercial quantities. Crude oil accounts for almost 83.5 percent of the total export in the country (Centre for Study of Economies of Africa 2018). Crude oil has been the major driver of the Nigerian economy and any changes in its price usually have significant effects not only on the structure but also the growth and welfare of the citizens. In spite of the abundance of oil in the country, Nigeria has become net importer of refined oil due to the underutilization of her existing refineries. The situation in the country is exportation of crude oil and importation of refined petroleum product at higher cost. This cost implication has a significant impact on the trade balance and the macroeconomic performance of the country.
As an oil dependent economy, Nigeria remains susceptible to the movements in global crude oil prices. During the periods of high oil price resulted from the macroeconomic and political conditions in the international market, the country usually experiences favorable trade balance, increase in foreign reserves, and exchange rate appreciation. On the contrary, when crude oil prices are low, occasioned by happenings in the international markets, the consequences are exchange rate depreciation, significant drop in the level of foreign exchange inflows, and reserve depletion that often result in budget deficit and slower growth. The drastic fall in the global oil price in 2008 and 2015 from over US$100 to below US$40 are great instances that led to the depreciation in exchange rate and deficit in the trade balance of the country. Similarly, the depreciation of the exchange rate from N231 per US$1 to N305 in the third quarter of 2016 has been associated with the fall in the global oil price, specifically below US$50.
As a result of the significance of the effects of oil prices on macroeconomic variables, many previous studies have attempted to examine the relationship among oil price, exchange rate, and trade balance. Some of these studies include Ozlale and Pekkurnaz (2010) ; Hassan and Zaman (2012) ; and Tiwari and Olayeni (2013) . According Ozlale and Pekkurnaz (2010) , oil price significantly affected trade balance. On the other hand, in the area of the effects of oil price on exchange rate, while Hassan and Zaman (2012) and Tiwari and Olayeni (2013) concluded that there are negative relationships between oil price and exchange rate for India. Studies such as Olomola and Adejumo (2006) and Aliyu (2009) found a positive relationship between oil price and exchange rate for Nigeria. Several other studies-such as Rautava (2004) ; Yousefi and Wirjanto (2004) ; Nikbakht (2010) ; Al-Ezzee (2011); and Benhabib et al. (2014) -have also examined causal relationships between oil price and exchange rate. Other studies- Rautava (2004) ; Yousefi and Wirjanto (2004) ; Nikbakht (2010) ; Al-Ezzee (2011)-found a significant relationship between oil price and exchange rate while Benhabib et al. (2014) found a negative relationship. In other words, apart from the inconclusiveness of the literature on the causal effects of oil price on exchange rate and trade balance, previous studies have employed causal analysis in the time domain which cannot analyze causality in the short-, medium-, and long-term but only at a point in time. Furthermore, the frequency domain analysis, on the other hand, provides the frequency and timing where causality exists. This identified shortcoming in this area motivates the use of frequency domain analysis. Studies that have applied the frequency domain causality in the literature are Breitung and Candelon (2006) for the United States (US); Croux and Reusens (2013) for G-7 countries; Yanfeng (2013) for the Japanese economy; Tiwari et al. (2015) for nine EU countries; Dergiades et al. (2015) for seven selected European Union (EU) countries; Bayat et al. (2015) for Czech Republic, Poland, and Hungary; Ozer and Kamisli (2016) for Turkey; Tiwari and Kyophilavong (2017) for India; and Bouri et al. (2017b) for China and India. A more recent study was done by Huang et al. (2018) for the US and nine EU countries. The frequency domain analysis has been known to provide time varying outcomes in terms of low and high frequency in the modeling of the relationship between financial and energy variables than the time domain approach. The frequency analysis is important for both the policy and decision makers in the energy sector as it enables them to know and plan ahead of time unlike in the time domain where causality is just assumed to exist without the knowledge of the period of timing and its frequency. Therefore, the decomposition of the frequency domain causality into different timings and frequencies gives a more in-depth understanding of economic phenomena than the time domain analysis. The objective of this study is to examine the dynamic effects of oil price on some selected macroeconomic variables in Nigeria. Our results show that short term causality exists from oil price to foreign reserve while causality is not found from oil price to trade balance and exchange rate, respectively. The rest of the paper is as follows. Section 2 gives the summary of the existing literature in tabular form, Section 3 has the descriptive statistics, the unit root tests, and the cointegration test. Section 4 describes the frequency domain causality, Section 5 provides the discussion of results, while Section 6 concludes and provides policy recommendations.
Literature Review
Tables 1-3 summarize the literature on the relationship between oil price, trade balance, and exchange rate in tabular form as follows: The study revealed that regional price correlations appeared to be indicative of segmentation within the OPEC market structure.
Notes: VECM-vector error correction model, VAR-vector autoregression.
In summary, from the empirical literature, the results from the review show different evidence regarding the issue of trade balance, oil price, reserve, and exchange rate. Firstly, it can be observed that extensive studies have been done on trade balance and exchange rate, oil price and exchange rate in both developed and less developed countries. Most of the literature highlighted made use of time domain analysis and studies that have applied frequency domain analysis were mainly on developed countries with few on developing countries. This study, therefore, contributes to the existing literature by applying the frequency domain causality on oil price and macroeconomic variables in Nigeria.
Data Analysis
This section presents the definition of variables used, their data sources, descriptive statistics of variables used, the unit root tests and the cointegration test employed in this study.
Variable Definition and Data Sources
The data used for this study is from the period of 1986Q4 to 2018Q1. The choice of a single country study and period are informed by data availability. Apart from these limitations, the sample country is the largest exporter of oil in Africa and her economy is largely driven by oil price. The variables used are oil price, trade balance, exchange rate, and trade balance. Trade balance is the volume of aggregate export of goods and services minus aggregate import of goods and services measured in naira. Oil price, on the other hand, is the price at which Brent crude oil is sold per barrel at each quarter measured in US dollar in the international oil market. The exchange rate is the relative price of exchange of the units of naira to the units of dollar. Lastly, foreign reserve is measured as the financial assets held in the form of US dollars in the country's treasury. The trade balance, reserve, and exchange rate were sourced from the Central Bank of Nigeria Statistical Bulletin (2018) while the oil prices sourced from the Energy Information Administration, US Federal Statistical System (2018) . It should be noted that the data employed have been adjusted from their sources of any predictable changes that can overstate their true values.
Descriptive Analysis
The description of the data used in this study as presented in Table 4 shows the average value of $43.58 for oil price; $97.79 for exchange rate; $19,163 billion for reserve; and N168,856 billion for trade balance for the period of study. The exchange rate measured in US dollars has fluctuated widely over the study period given the maximum value of $306.4 to N1 and the minimum value of $1 to N1 during the study period. The volatility change is also true of the oil price with a maximum value of $123.78 and minimum value of $12.93 over the study period. The movement is correlated with both reserve and trade balance with maximum values of $60,875 billion and N718,742 billion respectively and minimum value of $913 million and N142 million respectively. The relationship in the movement of the variables shows the response of the selected macroeconomic variables to oil price over the study period. 
Unit Root Tests
The unit root tests of augmented Dickey-Fuller (ADF, Dickey and Fuller 1981) and the Phillips-Perron (PP, Phillips and Perron 1988) are carried out to ensure the stationarity of the variable of interest. From Table 5 , it can be observed that all the variables are stationary at first difference with both ADF and PP except trade balance which is stationary at first difference with ADF but not with PP. The stationarity of the variables is important for the application of the frequency domain causality. 
Cointegration Tests
The next step is to verify if cointegration exists between the non-stationary variables of interest using the Johansen (1988) multivariate cointegration test. We conducted a bivariate cointegration test separately between oil price and each of the other three variables in order to ensure consistency with the bivariate frequency domain causality approach. This cointegration test compares the Eigenvalue and the trace statistics with their critical values to determine the presence of cointegration. The null hypothesis is the rejection of cointegration if the Eigen or trace statistics is greater than the critical value. From Table 6 , the cointegration between oil price and reserve, r = 0 is rejected at 5 percent significance level with the value of 14.76 of the Eigen statistics greater than the critical value of 14.26. However, the null hypothesis of no cointegration cannot be rejected for r ≤ 1 because the Eigen statistics value of 0.68 is less than the critical value of 3.84. The same for the trace statistics. We therefore conclude that there is at least one cointegrating relationship between oil price and foreign reserve. However, the test of cointegration between oil price and trade balance, r = 0 is rejected for both the Eigen and the trace statistics, because their values of 11.6 and 13.43 are less than there critical values of 14.26 and 15.49. The same is true for the cointegrating relationship between oil price and exchange rate. We therefore conclude that there is no long run relationship between oil price and trade balance on one hand and no long run relationship exists between oil price and exchange rate on another. Long run cointegration exists only between oil price and foreign exchange reserves. In other words, the study found the bivariate cointegration system to exist only for oil price and reserve in the study period. 
Methodology
In this study, we propose the granger causality in the frequency domain following Croux and Reusens (2013) as opposed to the usual time domain causality test. Many previous studies have applied frequency domain causality to wide areas of economic research. In earlier years, Breitung and Candelon (2006) investigated the predictive content of the yield spread for future output growth using United State (US) quarterly data. Also, Yanfeng (2013) applied the frequency domain causality on the dynamic effects of oil prices on the Japanese economy. In recent years, Dergiades et al. (2015) examined the effects of social media (Twitter, Facebook, and Google blogs) and web search intensity (Google) on financial markets with the use of frequency domain causality for Greece, Ireland, Italy, Portugal, and Spain and separately for two Euro countries, France, and The Netherlands. In addition, Bayat et al. (2015) investigated causal relationship between oil price and exchange rates in Czech Republic, Poland, and Hungary by employing frequency domain causal approach. In the same manner, Ozer and Kamisli (2016) used the frequency domain causality analysis to study the interactions between financial markets in Turkey. Likewise, Tiwari and Kyophilavong (2017) studied the relationship between exchange rate and international reserves for India using a frequency domain analysis. Bouri et al. (2017b) also adopted frequency domain causality to investigate the short-, medium-, and long-run causal relations among crude oil, wheat, and corn markets in the US. In another paper, Bouri et al. (2017a) used implied volatility indices with frequency domain analysis to examine the short and long-term causality dynamics between gold and stock market in China and India. In a more recent paper, Huang et al. (2018) investigated oil price effect on tourist arrivals to explain oil price effects on tourism-related economic activities for US and nine EU countries using frequency analyses. The modeling of the bivariate frequency domain starts from the time domain model as
(1)
The vector autoregression (VAR) in the time domain is then modified to frequency domain by Geweke (1982) to a bivariate and two-dimensional causal form of two stationary variables X t and Y t as
where
The vector of error, ε t = (ε 1t , ε 2t ) is assumed to be stationary with E(ε t ) = 0 and E(ε 1t , ε 2t ) = Σ, where Σ is positive definite and symmetric. Applying the Cholesky decomposition,
, where G is a lower triangular matrix and G is an upper triangular matrix, the MA representation of the model is expressed as
, so that cov(η 1t , η 2t ) = 0 and var(η 1t ) = var(η 2t ) = 1. Equation (3) means that X t is a sum of two uncorrelated MA processes. Specifically, it is the sum of an intrinsic component driven by past shocks in X t and a component containing the causal component of the variable Y t . The causal component of Y t at each frequency ω can be derived by comparing the causal component of the spectrum with the intrinsic component at the frequency. Y t does not granger cause X t at frequency ω if the causal component of the spectrum of X t at frequency ω is zero. According to Geweke (1982) , the measure of causality is defined as
This measure of causality is the ratio of the total spectrum divided by the intrinsic component of the spectrum. It is expressed as M y→x (ω) = 0 if Φ 12 (e −iω ) = 0. Hence, the term Φ 12 (e −iω ) = 0 provides a condition of no granger causality at frequency ω. For simplicity, Breitung and Candelon (2006) , show that condition of no granger causality at frequency ω can be represented in a set of linear restrictions on the coefficient of the components of the VAR model in Equation (2) as
where Θ 11i and Θ 12i are the coefficients of the lag polynomials Θ 11 (L) and Θ 12 (L). The necessary and sufficient conditions for absence of granger causality at frequency ω can be written as
The linear restriction in Equation (6) on the coefficients can be tested by a standard F-test. The F-statistics is distributed as F(2, T − 2ρ). Where 2 is the number of restrictions and T is the number of observations used to estimate the VAR model of order ρ. In the same vein, the linear restrictions in Equation (6) can be tested by an incremental R-squared test, measuring the proportion of explained variability of X t lost as a result of the imposition of the two restrictions in Equation (6). The incremental R-squared is the difference between the R-squared test R 2 of the unrestricted equation in Equation (5) and the R-squared test R 2 of the equation estimated in Equation (6). The incremental R-squared can be explicitly written as Incremental
The incremental R-squared test is the strength of the granger causality from Y t to X t at frequency ω and it lies between 0 and 0.01 according to Equation (5). The plot of the incremental R-squared of the frequencies is between 0 and π. It describes the strength of the Granger causality in the frequency domain (0, π). The null hypothesis of absence of Granger causality at the frequency ω is rejected at significance level α on the condition that
where F (2,T−2ρ,1−α) is the α upper critical value of the F-distribution with 2 and T − 2ρ degree of freedom (Croux and Reusens 2013) . As regards the lag length, which is crucial to the causality test, the Schwarz information criterion (SIC) is chosen among the other criterion with the true lag length order of 3 is chosen for the causality between oil price and reserve, lag 2 for oil price and trade balance, and lag 1 for causality between oil price and exchange rate (Asghar and Abid 2007) . The results of the lag length selection criteria are presented at the Appendix A.
Discussion of Results
The frequency domain causality is carried out after ensuring the stationarity of the variables to investigate the causal effects of oil price on reserve, trade balance, and exchange rate in Nigeria. The short term causality is assumed to be periodicities (frequency) less than 1.5, while the periodicity of 1.5 is the intermediate term and the long term causality is the frequency greater than 1.5. In this study, Equation (5) is estimated separately with oil price as exogenous variable to reserve, trade balance, and exchange rate. This is so modeled because oil price is exogenous to Nigeria's economy. The global oil prices are dictated by the economic conditions in the international market which are external to the sample country's economy. As a result, we perform separate Granger causality tests for Y t on X t . In the model; Y t stands for oil price; while X t represents reserve, trade balance, and exchange rate. The results of the granger causality tests are presented in Figure 1 . The first figure shows that oil price granger causes reserve in Nigeria at 0.001 incremental R-squared, that is, 0.001% critical value with a frequency of value of 1.0. The 0.001 incremental R-squared can be interpreted to mean that there is 99.999% confidence level of causality between oil price and reserve in Nigeria. This means that oil price strongly determines the level of reserve in Nigeria in the short term with the 1.0 frequency value. The periodicity is calculated by S = π/(2ω), where S is the year of periodicity, π is 3.1416 and ω is 1.0 in this case. From the calculation, the periodicity is 18 months, equivalent to 1 year and 6 months. This implies that oil price usually has significant impact on reserves at every 1 year and 6 months and that the occurrence of causality is at every short period. The previous presence of cointegration between oil price and foreign reserve confirms the existence of frequency Granger causality between the two variables. Our result of short-term frequency causality from oil to reserve is in line with a previous study done by Yanfeng (2013) for Japanese, where oil prices was found to have causal effects on the Japanese economy at short term frequency. Our findings of short term causal relationship between oil price and reserve is consistent with Nigeria's experience. Higher oil price has always been associated with higher reserve while low oil price is linked to low reserve. For example, in 2008, oil price was around US$103 and Nigeria's reserve hit about US$60 billion. In the same vein, reserve fell to US$23 billion with a fall in oil price to US$37 in 2015. On the other hand, causality is not found from oil price to trade balance. The absence of cointegration between oil price and trade balance corroborates the result for the frequency granger causality test. The outcome of the causality may be as a result of recent increase in non-oil export, such as solid minerals, agricultural products, and manufactured exports. The recent exported agricultural products are cashew nuts, sesame, shrimps, soya beans, ginger, cocoa. Although oil still dominates exports in Nigeria, yet government is making concerted effort towards diversifying the economy away from oil as laid down in the Nigerian Economic Recovery and Growth Plan (NERGP) on zero oil agenda. The result of no causal relationship from oil price to trade balance supports a previous study carried out on US and nine EU countries by Huang et al. (2018) that also found no causal effects from oil price to tourism-related economic activities. Lastly, causality is also not found from oil price to exchange rate. The cointegration result is also in line with the granger causality result. The frequent use of foreign exchange to stabilize the exchange rate level by the central bank of Nigeria (CBN) periodically may explain the absence of causal effects of oil price on the exchange rate. Nigeria practices a managed floated exchange rate system. Such exchange rate policy intervention can greatly eliminate the effects of oil price on the exchange rate. Our findings supported a previous study conducted by Habib and Kalamova (2007) for Russia, Norway, and Saudi Arabia that no significant causal relationship exists between oil price and exchange rate for the oil rich countries. It is also in support of a more recent paper by Bayat et al. (2015) that oil price does not have causal effect on exchange rate in Hungary with frequency domain analysis. 
Conclusions and Policy Recommendations
This study examined the causal effects of oil price on exchange rate, trade balance, and reserve in Nigeria between the periods of the fourth quarter of 1986 to the first quarter of 2018. We employed a frequency domain causality test as against the usual time domain causality to capture the possible short-, medium-, and long-term causal effects between the variables of interest. After performing the unit root tests and the cointegration test, we found short term causal effects of oil price on reserve. However, no causal effects were found from oil price to both exchange rate and trade balance.
The absence of causal effects suggests that oil price does not have any significant effect on Nigeria's exchange rate and trade balance. In other words, oil price does not matter for exchange rate and trade balance behavior in Nigeria. The short term causal effects running from oil price to reserve implies that movement in the global oil price plays a major role in reserve keeping in Nigeria in the short period. The findings suggest that short term energy policy would be appropriate for oil pricereserve relationship in Nigeria. The likely implication of the short predictor of oil price on reserve building is that reliance on oil price to build Nigeria's reserve can only be feasible in the short run and not over a long period of time. It further implies that Nigeria cannot not rely solely on the foreign 
The absence of causal effects suggests that oil price does not have any significant effect on Nigeria's exchange rate and trade balance. In other words, oil price does not matter for exchange rate and trade balance behavior in Nigeria. The short term causal effects running from oil price to reserve implies that movement in the global oil price plays a major role in reserve keeping in Nigeria in the short period. The findings suggest that short term energy policy would be appropriate for oil price-reserve relationship in Nigeria. The likely implication of the short predictor of oil price on reserve building is that reliance on oil price to build Nigeria's reserve can only be feasible in the short run and not over a long period of time. It further implies that Nigeria cannot not rely solely on the foreign exchange from oil price for her reserve building in the long run. The country currently has almost $42.34 billion in her reserve and increase in global oil price has been the major source of foreign exchange inflow into the reserve. Diversifying away from oil to other non-oil activities that would generate foreign exchange for reserve building, should be a continuous policy pursuit of the policy makers in the country. In addition, the country can attract other capital inflow apart from oil price for reserve building. Finally, the short run causal effects between oil price and reserve imply that policy makers should have short term and regular policy response to the interactions between the two variables.
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Appendix A LR-likelihood ratio, FPE-final prediction error, AIC-Akaike information criterion, SC-Schwarz information criterion, HQ-Hannan-Quinn information criterion. * signifies optimal lag length.
